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Background: This submission consists of the sponsor’s response to the approvable letter sent by
the Agency for the use of Prozac in children and adolescents with depression and OCD. The
approvable letter contained revised labeling proposed by the Agency as well as other issues. This
review will discuss of the responses from the sponsor to the clinical pharmacology issues
addressed in the approvable letter.

Labeling: Barring minor editorial changes, the sponsor is in agreement with all of OCPB’s
proposed changes to the following sections of the label: Clinical Pharmacology-Pediatric
Pharmacokinetics, Precautions-Pediatric Use. The sponsor’s proposed changes to these two
sections of the (approvable) label are acceptable.

In addition, the sponsor has also made changes to the Dosage and Administration section (for
major depressive disorder) as follows:

Approvable letter:

Pediatric (Children and Adolescents)- In the, short-term (8 to 9 week) controlled clinical trials of

fluoxetine supporting its effectiveness in the treatment of patients were administered

fluoxetine doses of 10 to 20 mg/day (see Clinical Trials under CLINICAL PHARMACOLOGY).
—_— treatment should be initiated with a dose of 10 or 20

mg/day. After 1 week at 10 mg/day, the dose should be increased to 20 mg/day.

A dose increase to 20 mg/day may be considered after several weeks if insufficient clinical
improvement is observed.

Sponsor’s proposal:

In the, short-term (8 to 9 week) controlled clinical trials of fluoxetine supporting its effectiveness
in the treatment of — _ patients were administered fluoxetine doses of 10 to 20 mg/day
(see Clinical Trials under CLINICAL PHARMACOLOGY). Treatment should be initiated with
a dose of 10 or 20 mg/day. After 1 week at 10 mg/day, the dose should be increased to 20
mg/day. However, due to higher plasma levels in lower weight children, the starting and target
dose of fluoxetine in this group may be 10 mg/day. A dose increase to 20 mg/day may be
considered after several weeks if insufficient clinical improvement is observed.

The sponsor’s proposed change in wording to the above section of the label is acceptable.

Phase 4 Commitment for a PK-PD study of fluoxetine at higher doses:
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CLINICAL PHARMACOLOGY/BIOPHARMACEUTICS REVIEW

DRUG: Prozac® (Fluoxetine) PRIMARY REVIEWER: Vanitha J. Sekar, PhD
NDA: 18936-SE5-064 TYPE: Pediatric efficacy suppl (6-17 years)
FORMULATION: Capsules STRENGTH: 10, 20, 40 mg

APPLICANT: Eli-Lilly SUBMISISON DATE: 9/14/00, 1/5/01, 3/16/01,

3/19/01, 5/22/01
Background: Fluoxetine HCI is a selective serotonin (5-HT) reuptake inhibitor (SSRI). It is
chemically unrelated to other tricyclic, tetracyclic or other available antidepressants. Its molecutar
weight is 345.79. The structural formula is:

Figure 1

F<C -1 O CHCH,CH,NHCH, eHCI

Prozac® capsules are available in 10 mg, 20 mg and 40 mg strengths for oral administration. Prozac
is indicated for the treatment of depression and Obsessive Compulsive Disorder (OCD) in adults.
The mechanism of action of fluoxetine in depression and OCD is presumed to be linked to its
specific serotonin reuptake inhibition in brain neurons.

Fluoxetine is a racemic mixture (50/50) of R-fluoxetine and S-fluoxetine. Animal studies suggest
that the two are equipotent in their pharmacologic activity. Fluoxetine is approximately 94%
plasma protein bound. Food does not appear to affect the bioavailability of fluoxetine, but
absorption may be delayed. Fluoxetine is metabolized (via CYP2D®8) to norfluoxetine, which is
an active metabolite. The relatively slow elimination of fluoxetine (elimination half-life of 1 to 3
days after acute administration and 4 to 6 days after chronic administration) and its active
metabolite, norfluoxetine (elimination half-life of 4 to 16 days after acute and chronic
administration), leads to significant accumulation of these active species in chronic use and
delayed attainment of steady state. Plasma concentrations of fluoxetine following chronic dosing
are higher than those predicted by single-dose studies, because fluoxetine pharmacokinetics are
not proportional to dose. Norfluoxetine, however, appears to have linear pharmacokinetics.

This submission contains results from 3 studies that have been submitted as a response to a
pediatric written request from the Agency. Two of these studies are efficacy/safety trials in
pediatric patients with OCD (HCJW)and depression (HCJE). The third study (HCIU) is a
pharmacokinetic study of fluoxetine in the pediatric population. The pharmacokinetic results from
studies HCIU and HCJE are reviewed as part of this clinical pharm/biopharmaceutics review.

Analytical Methods: Studies HCIU and HCJE: Plasma concentrations of fluoxetine and
norfluoxetine were analyzed using a validated —~— "method. The limit of detection for both
fluoxetine and norfluoxetine was 1 ng/ml. No interfering peaks were observed. The method was
linear in the range of ————  for fluoxetine and norfluoxetine. Intra-day precision and
accuracy of quality control samples were within acceptable limits. Precision (%RSD) ranged from
- for fluoxetine and —"— for norfluoxetine, respectively. Accuracy (%RE)
ranged from - ———  for fluoxetine and from - for norfluoxetine. Inter-day




precision and accuracy of quality control samples were within acceptable limits. Precision
(%RSD) ranged from — for fluoxetine and for norfluoxetine, respectively.
Accuracy (%RE) ranged from for fluoxetine and trom for norfluoxetine.

Overall Summary: Plasma concentrations of fluoxetine and norfluoxetine in children were 2-fold
and 1.5 fold higher, respectively, than those observed in adolescents. Steady state fluoxetine
concentrations in children and adolescents were 171 ng/mL and 86 ng/mL, respectively. Steady
state norfluoxetine concentrations in children and adolescents were 195 ng/mL and 113 ng/mL,
respectively. These differences in concentrations between children and adolescents were mainly
attributed to differences in body weight. The mean overall steady state concentrations of
fluoxetine and norfluoxetine in adults were 96.86 and 110.42 ng/mL. Higher average steady-state
fluoxetine and norfluoxetine concentrations were observed in children relative to adults; however
these concentrations were within the range of concentrations observed in the adult population.
There were no gender-related differences in the pharmacokinetics of fluoxetine in the pediatric
population. The population PK modeling (using pediatric and adult PK data) conducted by the
applicant and reviewed by the Agency also supports these conclusions (Refer Pharmacometrics
review in appendix).

There were other similarities in the pharmacokinetics of fluoxetine between the pediatric
population and adults:

Ratio of norfluoxetine:fluoxetine was similar in both groups (1.2-1.3)

Steady state was achieved approximately at the same time, 3-4 weeks after the start of dosing
Fluoxetine t1/2 was similar in both groups (4-6 days)

Accumulation ratio in the pediatric population was approx. 15, similar to that in adults (10-20)

The higher plasma concentrations observed in children compared to adults may have warranted

a dose adjustment (starting dose of 10 mg/day for several weeks before titration to higher dose if
necessary) in this population. However clinical trials were conducted using maintenance doses

of 20 mg/day with an initiation dose of 10 mg/day.

The applicant has not studied the pharmacokinetics of fluoxetine following doses areater than 20
mg daily in the pediatric population.

The effect of administration of Prozac on QT prolongation in the pediatric population evaluated in
these studies was analyzed. The analysis suggested a lack of influence of fluoxetine exposure on
QTc prolongation in the pediatric population following administration of 20 mg/day Prozac.

Proposed Dosing Regimen for Pediatric Population (children and adolescents):

Depression: The applicant’'s recommended starting dose for Prozac in the pediatric population
is 10 mg/day. After 1 week at 10 mg/day, the dose should be increased to 20
mg/day. A dose increase may be considered after several weeks if insufficient clinical
improvement is observed.

OCD: The applicant’'s recommended starting dose for Prozac in the pediatric population.
. is 10 mg/day. After 2 weeks at 10 mg/day, the dose should be increased to 20 mg/day.
Additional dose increases may be considered after several weeks if insufficient clinical

improvement is observed.

—

Labeling comments: See attached annotated labe! with OCPB recommendations.




Recommendation: The pharmacokinetic studies provided in this pediatric supplement for NDA
18936 SES5-064 submitted to the Division of Neuropharmacological Drug Products to fulfil the
pediatric written request provide an understanding of the pharmacokinetics of fluoxetine in
pediatric patients between the ages of ———————_ inclusive. The information on the
pharmacokinetics of fluoxetine (Prozac®) provided in the pediatric population is adequate to
support approval.

Comments to Medical Officer:
1. The higher plasma concentrations of fluoxetine/norfluoxetine observed in children compared

to adults may warrant a dose adjustment (starting dose of 10 mg/day for several weeks
before titration to higher dose if necessary) in this population.

3. We recommend that the applicant attempt to characterize pharmacokinetics of both
enantiomers R- and S-fluoxetine in the above-mentioned pharmacokinetic study.

4. We recommend that the applicant collect EKG data at the time of pharmacokinetic
assessments in an attempt to evaluate the presence (or lack of) a concentration-response
relationship for R- and S-fluoxetine and QTc changes in the above mentioned study.

Vanitha J. Sekar, Ph.D.
Reviewer, Neuropharmacological Drug Section, DPE |
Office of Clinical Pharmacology and Biopharmaceutics

Concurrence: Ramana Uppoor, Ph.D.
Team Leader, Neuropharmacological Drug Section, DPE |
Office of Clinical Pharmacology and Biopharmaceutics

cc: HFD-120 NDA 18936 SE5-064
/MO/ A. Mosholder
/CSO/P. David
/Biopharm/V. Sekar
/Acting TL Biopharm/R. Uppoor
HFD-860 /DD DPE1/M. Mehla



APPENDIX
Study HCJE: Fluoxetine versus placebo in childhood/adolescent depression.

Objectives: The primary objective was to compare the safety and efficacy of fluoxetine 20 mg/day
and placebo in treatment of major depression in children and adolescents. A secondary objective
was to determine the pharmacokinetics of fluoxetine and norfluoxetine in this patient population
following a dose of 20 mg/day.

Study Design: The study was a randomized, double-blind parallel group study in depressed children
and adolescents between the ages of 8 and 17 years, inclusive. There were 6 study periods: Period
1 was a diagnostic evaluation period for 2 weeks; Period 2 was a single blind placebo wash-out
period for 1 week; Period 3 was a double blind adaptation period for 1 week where patients were
randomized to receive placebo or fluoxetine 10 mg/day; Period 4 was a double-blind fixed dose
acute treatment period for 8 weeks where patients were randomized to receive fluoxetine 20 mg/day;
Period 5 was a double blind nonresponder rerandomization period for 10 weeks; Period 6 is the
ongoing 32 week relapse prevention phase. See figure below.

Subchronic Treatment Phase

Acute Treatment Phase i

60 mg/day

Nonresponders 40 mg/day

Nonresponders 20 mg/day ;

Fluoxetine 20 mg/day Responders 20-mg/day .
. ' __________________________________________________________________________________ i
Fluoxetine 10 mg/day :
No Dnug  Placebo 5
Placebo ':
vist 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Week -3 -2 -1 0 1 2 3 5 7 9 11 13 15 17 19
| 0o v 1 \ )
Figure 9.1. Study Design for Study Periods | through V for 81Y-MC-
HCJE,

Formulation characteristics: Fluoxetine HCI 10 mg (Lot # CT07620, CT12697)), 20 (Lot #
CT09678, CT10738)), and placebo (Lot # CT09679, CT10799) capsules were given orally.

Pharmacokinetics: .
Pharmacokinetic Sample Collection: A blood sample was obtained at baseline and steady
state blood samples were obtained at Visits 10 and 15 following at least 4 weeks of fixed
fluoxetine dosing at 20 mg/day. All blood samples were collected randomly within the dosing
interval of 24 hours. Blood samples were also obtained from patients who discontinued early



from the study. One blood sample was collected from 53% of patients and 47% patients
provided two blood samples. There were a total of 138 observations (concentrations), of which
79 were from children and 59 were from adolescents. Patients were not phenotyped or genotyped
for their CYP2D6 status.

Pharmacokinetic Patient Sample: The pharmacokinetic data set consisted of 94 patients of
which 52 were children (8-12 years; mean 10.8 years) and 42 were adolescents (13 to 17 years;
mean 15.1 years). The demographic characteristics of the patients included in the
pharmacokinetic analysis are shown in the table below.

.wﬁ;_ CAICgory SUDCATCLOTY N Niean S Rangc
Age (years) Overali - 94 12.8 25 8-17
Childrcn - 52 10.8 1.3 8-12
o Adolcscents - 42 15.1 1.3 13-17
S
i~ Pthnic Origin Ovecrall Caucasian 85 - - -
i Other 9 - - -
Children Caucasian 49 - - -
Other 3 - - -
Adolescents Caucasian 36 - - -
Other 6 - - -
Gender Overall Male 47 - - -
Female a7 - - -
Children Male 28 - - -
Female 24 - - -
Adolecscenls Mule 19 - - -
_ _ Female .23 - - -
Weight (kg) Ovcrall - 93 57.7 1R 4 24-103
Children - 52 49.2 16.0 24-102
Adolescents - 41 68.6 154 34-103
Height (cm) Ovcrall - 93 155.8 14.3 124-188
Children - 52 146.9 11.0 124-188
Adolescents - 4]" 167.2 8.9 135-188
Body Mass Index Overall - 93 23.4 5.7 15-40
(kg/m2)b Children - 52 225 5.7 15-39
Adolcscents - 41° 24.6 5.7 16-40

Pharmacokinetic Results:. The pharmacokinetic data suggest that the mean steady state
fluoxetine concentration in the pediatric population is approximately 117 ng/ml and that for
norfluoxetine is 144 ng/ml. The observed fluoxetine and norfluoxetine concentrations at steady
state after dosing with fluoxetine 20 mg/day are shown in the table below.




@_ﬂ N Mean (ng/mL) SD FCV Range (ng/ml)
( ho- 06 ob&clvahw\y’
Dooxeﬁne
All patienrs 138 116.6 73.7 63 2
Children 79 144.8 76.4 52.8 -—
Adolcscenls 59 78.8 49.4 62.7
Gender
F Malc 66 1150 59.9 s2.1
Female 72 118 O 84 9 71.9
Children e
Malc a 1aa s 53.2 36 8
Fecmalc 38 145.2 96.2 66.3
Adolescents
Malc 25 66.6 32.7 a9
Femalce 34 B7.7 57.6 65.7
Norfluoxetine T
All parients 138 144.] 58.9 40.9
Children 79 167.2 59 6 35.7
Adolcscents 59 113.1 41.4 36.6
Gender
Malc 66 143.1 61.9 43.2 e
Female 72 144.9 56.5 38.9
Children
Mailc 41 168.9 62.1 36.8
Female _ 38 165.3 57.6 349
Adolescenrs R
Malc 25 100.9 30.9 30.6
p Fomale 34 122.1 46 37.7

Steady state fluoxetine concentration in children is approximately 2-fold that observed in
adolescents. Steady state norfluoxetine concentration in children is approximately 1.5 -fold that
observed in adolescents. Normalizing the observed concentrations by body weight suggests that
the concentrations in children are comparable to those in adolescents (see figure below). Thus,
body weight explains a major portion of the variability explained in the plasma concentrations of
fluoxetine and norfluoxetine. There were no significant gender differences in fluoxetine and
norfluoxetine concentrations in either age group. These concentrations and results are

comparable to those observed in the intensive pharmacokinetic study HCIU.

Concentration (ng/mL¥(mg/kg)

3
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100

_,/ﬁ'\
S N IS N3
& N & &
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« 800 1
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Concentration (ng/mL)¥(mg/kg)

600 1

500 4

400 4
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Pharmacokinetic Analysis during the Relapse—Prevention Phase: During the relapse
prevention phase of the study, 12 blood samples from 12 fluoxetine-treated (20 mg/day) patients
were used in the pharmacokinetic analysis. Patient demographics are shown below.

Table HCJUEy 1¥_177., Patient Demaographics
Pharmacokinetic Datasot
Demographic Catcgory Subcateory ~N Mecan SD Range
Overall - 12 13.8 2.5 10-17
nsS (yearsy Children - P 10.8 1.0 10-12
Adolescents - B8 15.3 1.3 13-17
Euthnic Origin Overall Cnavcasian 10 - - -
Other 2 - -
Children Caucagian a - - -
Odher o - - -
Adolescecnts Caucasion 6 - - -
Owher 2 - - -
Gender Overall Male 7 - - -
Female 3 - - -
Chilctren Malc 3 - - -
Femnale 3 - - -
Adolcscaents Male a - - -
Fernale 4 - ~ -
Weight (kg) ©O~erall - 12 6€5.3 17.4 Aa-102
CThaldren ) 9.5 1.7 342.59
Acdolescents B 73.2 14.5 G60-102
Height (crmm) Overall - 12 161.3 11.4 142-173
Children - a 146.7 3.2 142-1350
Adolescents - B8 168.6 4.3 160-373
Body Mass Index Overall - 12 24.8 4.7 17-35
Ceg/m2)a Children 4 22.8 4.3 17-26
Adolescents - 8 25.7 4.9 21-35

The mean observed fluoxetine plasma concentrations were 3-fold higher in children than in
adolescents, and mean norfluoxetine concentrations were 1.5-fold higher in children than in
adolescents {see below). These differences in concentrations in children and adolescents were
mainly related to body-weight. The pharmacokinetic results obtained for the relapse-prevention
phase are consistent with those obtained from the subchronic phase of this study.

Table HCJEr.11.12. Observed Fluoxetine and Norfluoxetine Concentrations at
Steady-State After Dosing with Fluoxetine 20 mg/day

Catcgory N Mean (ng/mL) SD %CV Range (ng/mL)

Fluoxetine

All parients 12 92.0 104.4 113.5
Children 4 167.7 162.4 96.8
Adolcscents 8 54.2 30.4 56.1 ——

Gendecr )
Male 7 62.3 423 67.9
Fecrnale S5 133.6 153.6 115.0

Children —_—
Male 3 890 48.5 54 6
Female 1 403.84 - -

Adolescents -
Male a 423 27.5 65.1 -
Female 4 66.1 320 48.4 _

Norfluoxetine

All pasients 12 109.7 41.5 37.8
Children 4 144.4 28.8 19.9 -
Adolescents 8 92.3 36.3 39.4 _

Gender
Male 7 109.9 41.6 37.8
Feimale S 109.4 46.3 42.4 ——— "

Children
Male 3 132.1 183 - 139
Fecmalc 1 181.32 - -

Adolescents ,\—"
Malc 4 93.3 48.7 52.2
Female 4 91.4 26.6 29.1

Conclusions: The mean observed steady state concentrations of fluoxetine in children were 2-3
fold higher than those observed in adolescents, and the mean observed steady state
concentrations of norfluoxetine in children were 1.5-fold higher than those observed in
adolescents. These differences in concentrations between children and adolescents were mainly
attributed to differences in body weight.
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Effect of Prozac on QT interval prolongation in the Pediatric Population

Following administration of Prozac, the following cardiovascular adverse reactions were reported
as rare: ventricular arrhythmia, ventricular extrasystoles, and ventricular fibrillation. Recent
reports showed that administration of only R-isomer of fluoxetine was associated with QT
prolongation. Prozac is a racemic mixture of R and S-isomers of fluoxetine. The effect of
administration of Prozac on QT prolongation in the pediatric population evaluated in these studies
was analyzed. Agency requested the applicant to obtain ECG data at baseline and on drug in
both Studies HCIU and HCJE .

The applicant analyzed ECG data from Study HCJE by three blinded and independent contract
vendors/consultants at different points in time. The last reading performed by —™——
~ accounted for the events of sinus arrhythmia, which is frequent in pediatric population.
The applicant considered these readings as the most precise and accurate interpretation of the
QTc data. A plot of QTc interval versus Visit (baseline and on drug) shows no effect of drug on
QTc. Furthermore, a plot of QTc versus plasma fluoxetine concentrations shows lack of a
relationship between QTc and plasma fluoxetine concentrations. (Refer to Pharmacometrics
Review, page 28 for additional details). Similar results were obtained from ECG data obtained for
Study HCIU. See plots below.

(Study HCJE)

Study HCJE QTc interval vs. Plasma Fluoxetine Concentration
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PHARMACOMETRICS REVIEW

NDA 18,936 Submission Date:
January 2, 2001
March 19, 2001
Drug Name: Prozac (fluoxetine hydrochloride)
Formulation: 20 mg capsules
Applicant: El Lilly and Co
Consult: Reports of the Studies

B1Y-MC-HCIU “Pharmacokinetic assessment of Fluoxetine and
norfluoxetine in preadolescent and adolescent patients” and
BI1Y-MC-HCJE “Fluoxetine versus placebo in childhood/
adolescent depression”

Pharmacometrics
Specialist: Elena V. Mishina, Ph.D.
Preamble/Background:

Fluoxetine is a selective serotonin re-uptake inhibitor (SSRI) that has been approved for
the treatment of depression, obsessive-compulsive disorder (OCD), and bulimia nervosa
in adulits. The pharmacokinetics and bioavailability of fluoxetine and norfluoxetine
(active metabolite) have been extensively studied in adults (healthy and patient’s
populations) in NDA 18,936.

A supplemental NDA 18,936 for fluoxetine hydrochloride was submitted for review in
response to the Written Request for Pediatric Studies. This NDA supports the use of
fluoxetine for the treatment of major depressive disorder (MDD) in children and
adolescents, and for the treatment of OCD in children and adolescents. In support of
labeling recommendations in the pediatric population, the sponsor conducted two clinical
studies. Pharmacokinetics of fluoxetine in pediatric patients (children and adolescents)
from Study B1Y-MC-HCIU (HCIU) and population data analysis of this study were
submitted for review. Additionally, plasma fluoxetine and norfluoxetine concentrations
were available from the larger efficacy Study BI'Y-MC-HCIJE (HCJE) in children and
adolescents. Population model was not developed for the later study but the data were
summarized descriptively and submitted for review. The results of these data analyses
were used for the labeling changes for Prozac.

Overall Objective/Rationale:

To evaluate the safety and efficacy of fluoxetine in the treatment of pediatric
depression and/or OCD, and to develop pharmacokinetic information pertinent to using
the drug in the pediatric population.

Pharmacokinetic Objectives:




Assess the pharmacokinetics of fluoxetine (20 mg/day) and its metabolite

norfluoxetine in pediatric patients (preadolescents and adolescents);

Compare the steady state plasma concentrations achieved and pharmacokinetics
attained in preadolescent and adolescent patients on a fixed dose of fluoxetine 20 mg/day
to the steady state plasma concentrations achieved and pharmacokinetics attained in
adult patients from prior pharmacokinetic studies (Protocols HCFB and HCFC).

Methods:
Study HCIU

This was a single-site, open-label, two-period treatment study to assess the
pharmacokinetic profiles of fluoxetine dosed at 20 mg/day and its metabolite,
norfluoxetine in preadolescent and adolescent patients. Period 1 was a screening,
washout, and study preparation phase. Period II was a 60-day (58 to 62 days), open-label,
acute therapy, and pharmacokinetic data collection (up to 10 blood samples per patient at
various times during the treatment interval of 60 days) phase. The data from pediatric
patients were compared with historical data obtained from two studies with adults:

Protocol HCFB: “Disposition of fluoxetine in depressed, renal-dialysis patients” (data from

patients with normal renal function)
Protocol HCFC: “Pharmacokinetics of fluoxetine in patients with reduced renal function”.

The data from these two studies were combined (data from these 2 studies are considered
to be representative, in that the PK parameters from these studies were comparable to
those from other studies in adults). Pediatric data consisted of 21 patients and 168
fluoxetine and norfluoxetine plasma concentrations. Only fluoxetine plasma
concentrations were used for population pharmacokinetic modeling.

Study HCJE

This was a multi-center, double blind, randomized, parallel-group study. Fluoxetine was
compared with placebo for efficacy and safety in children and adolescents diagnosed with
major depressive disorder (MDD) according to DSM-IV criteria. There were 6 periods in
this study.

Period I was a diagnostic evaluation period (2 weeks).

Period Il was a wash-out period (1 week), placebo responders were discontinued.

Period 111 was a double-blind adaptation period (1 week), patients were randomized to
receive fluoxetine (10 mg/day) or placebo.

Period IV was a double-blind, fixed dose acute treatment (8 weeks), patients were
randomized to receive fluoxetine (20 mg/day) or placebo.

Period V was a double-blind nonresponder rerandomization period (10 weeks).
Nonresponders got higher (40 or 60 mg/day) doses of fluoxetine.

Period VI was a double-blind relapse prevention period (32 weeks).

Patients were screened at the first visit. Blood samples were obtained at baseline and at
steady state at visits 10 and 15 following at least 4 weeks of fixed fluoxetine dosing at

random times within a dosing interval.

Data Analyses:
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Assay Method:
Plasma samples were analyzed at | by a validated -————
L —— T method.

Data:

HCIU: Quantifiable plasma concentration (170 blood samples) data from 21 patients
were available for the analyses. Two data records were omitted due to missing or
questionable dosing and/or sample data/time information.

HCIJE: Quantifiable plasma fluoxetine and norfluoxetine concentrations were available
from 101 patients (total 174 samples). The data from the patients on 20 mg/day
fluoxetine were summarized (138 observations from 94 patients).

Pharmacokinetic Analysis:

Observed fluoxetine and norfluoxetine plasma concentration data from pediatric patients
(Studies HCIU and HCIJE) and adults patients (Studies HCFB and HCFC) were tabulated
and descriptive statistics were summarized.

Population Data Analyses

Study HCJE:

The sponsor did not attempt to perform population modeling.

Study HCIU:
Pharmacokinetic parameters were estimated only for fluoxetine using NONMEM version
V with PREDPP. The sponsor did not attempt to perform population modeling
accounting for the metabolite, norfluoxetine.

Model Building and Validation:
First step of model building was selection of the structural model followed by statistical
models for inter-patient variability and residual variability.
Structural model for fluoxetine was one-compartmental model with first order input with
estimation of the physiologic parameters (clearance, CL/F, volume of distribution, V/F
and absorption rate constant ka).
Inter-subject variability was assumed to be distnbuted log-normally and modeled as
proportional term:
P=9-¢"
where Pj is the individual value for the model parameter in jm individual, ¥ is typical
value of the parameter and 1 is an independent random variable with mean zero and
variance of @y,
Residual variability was modeled as a proportional residual error model:
Yiy=Fi-(+ey)
where Y, 1s the observed plasma concentration and F ; is the predicted plasma
concentration based on the pharmacokinetic model; the random variable ¢, that defined
residual variability had a normal probability distribution with mean 0 and variance
denoted as ¢”.
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Comparison of two nested models (where one model is entirely contained within a
second model) was based on change in the minimal objective function (MOF) value,
agreement between predicted and observed concentrations and the magnitude and
randomness of residual values. Covariates retained in the final model were those that
produced a statistically significant (p <0.001) increase in the NONMEM objective
function (>10 units for one degree of freedom) when removed from the full model. In this
analysis, POSTHOC estimates were used to select patient’s factors for further model
development.

Comparison of different covariate models was based on comparison of MOF (statistics
computed by NONMEM that is proportional to the -2log likelihood) and inspection of
various diagnostic plots. For the convergence, 3 significant digits were required on all
parameters.

Pharmacostatistical models were evaluated using either first order (FO) or first order
conditional (FOCE) methods.

After the additional request from the Agency, the applicant performed the validation of
population pharmacokinetic model developed for the study HCIU using the data from
study HCJE. These data were sparse (many patients have only one blood draw during the
study) and taken only from the patients who received the 20 mg dose of fluoxetine.

The distribution of clearances calculated from the patients in study HCIU and the same
from study HCJE were compared using Kolmogorov-Smimov test. The test statistics was
estimated as 0.221, less than critical value of 0.327 (o=0.05). Therefore, these two
distributions are similar. In addition, graphical comparison of the frequency distribution
of individual clearance values obtained from study HCJE with the same for the study
HCIU shows significant overlap of two areas (Figure 1).
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Figure 1. Frequency Distribution of Individual Estimates of Oral

Clearance

The fitted curve (solid line) represents a log-normal distnbution of predicted

individual clearances in Study HCJE (20-mg dosc) based on final parameters from
- the population pharmacokinetic model developed for Study HCIU. The fitted

curve (dashed line) represents individual estimates of oral clearance for pediatric

patients in Study HCJE (20-mg dose). The fitted curve (dotied line) represents

clearance estimates from pediatric patients in Study HCTU.



Comment:
Model validation is acceptable from the FDA'’s point of view.

Results:
Study HCIU

Data Collection:

The majority of plasma samples were collected between 8 and 12 hours post-dose. The
sampling frequency for all patients in this study was quite similar.

Descriptive Statistics:

The mean steady state fluoxetine plasma concentrations were 127 ng/mL in pediatric
patients, preadolescents have them 2-fold higher than adolescents. Mean fluoxetine
plasma concentrations were 3.5-fold higher in preadolescent females in comparison with
adolescent females. The summary of descriptive statistics is shown in Table 8.2. The
influence of the disease (depression or OCD) and its state could not be assessed by such
comparisons due to the small sample size. In both pediatric groups plasma fluoxetine
concentrations were highly variable, the range of the observed fluoxetine concentrations
was similar in both groups.
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Table 8.2. Obzerved Fluoxetine Concentrations at 'Sleady-State In -
Pediatric Patients
Catcpory Mean? (mg/ml) SN SLCY l-lange
All palients 126.6 750 59.2
Preadolesesnt 170.9 73.3 429 R
Adolesount 863 . _S5l6 598
Gender .
Male 1309 64.1 48.9
Female 1195 94.5 791 .
Preadalescant —
tale 151.3 65.1 430
Female 216.6 835 3.6
Adolescent L/
Male 1072 593 553
. Female 612 ___287 468 _
Discage State
vt N—

Depresston (n=18) 115.8 622 533
QCI* (n=2) 2512 . -
Depeession & OCD (n=1) 59.6 -

Procdnlescent
Depression (n=9) 155.2 5.4 32.0 S
OCD (n=t) 311.6 - -
Depression & OCD (n=0)
Adolescent
Depregsion (n=9) 763 378 49.5
OCD (n=1) 2023 - . N

 Depression & OCD (o=1)  59.6 - -

The mean steady state norfluoxetine plasma concentrations were 152 ng/mL in pediatric
patients, preadolescents have them [.7-fold higher than adolescents. Mean fluoxetine
plasma concentrations were 1.8-fold higher in preadolescent females in comparison with
adolescent females (Tables 8.2 and 8.3). Normalizing fluoxetine and norfluoxetine

concentrations by body weight suggests that exposures in preadolescents and adolescents
are similar (see figure 8.9).



Table 8.3. Observed Norfluoxetine Concentrations at Steady-State in
Pediatric Patients
Category Meang(ng/ml)  SD % CV Range
All patients 151.8 76.3 50.3
Preadolescent 195.0 89.2 45.8 —
o Adolescent 112.5 304 27.0 _
Gender
Male 155.6 79.7 51.2 ]
Female 145.6 75.5 518 —
Preadolescent
Male 192.3 94.8 49.3
Female 201.4 93.7 46.5
Adolescent
Male 112.9 19.5 17.2
L Female _ 112.1 42.8 382 — _
Disease State
Overall
Depression (n=18) 147.2 72.1 49.0
OCDb (n=2) 207.7 - -
Depression & OCD (n=1) 122.6 - - L-/
Preadolescent
Depression (n=9) 182.3 84.5 46.4
OCD (n=1) 309.5 -
Depression & OCD (n=0) - - - ]
Adolescent (\—/
Decpression (n=9) 112.2 33.7 30.0
OCD (n=1) 105.8 - -
Depression & OCD (n=1) 122.6 - - -
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The visual presentation of the observed steady state plasma concentrations for fluoxetine
is shown in Figure 2 (FDA). Based on graphical evaluation, the patients were properly
assumed to be at steady state within 3-4 weeks.

Fluoxetine Plasma Concentration vs Time, HCIU
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Figure 2. Example of Fluoxetine plasma concentration vs time (hours) for 16 patients,
Study HCIU. Light color of circles corresponds to female, dark color - to male patients.

Population model:

Based on the goodness of fit criteria and other model diagnostics, one-compartmental
model was chosen for the description of fluoxetine plasma concentration profiles. The
applicant presented the final base model output and all model run outputs. These model
runs show the logical steps leading to the final model selection. Best results were
obtained with the use of FOCE estimation method.

Oral clearance was estimated as 11.8 L/kg, and volume of distribution as 1480 L with
variabilities of 85.7 and 44.2% respectively. The variability for ka was not obtained in the
model most likely due to a small number of observations in the absorption phase. The
value of ka to 0.666 hr'! was fixed across the population for the simplification of the
model for this limited data set.

Empirical Bayes estimates of CL/F and V/F obtained from the fit were used for the
graphical evaluation of the covariates by plotting the individual patient’s parameter
values vs covariates. Apparently, body weight and age had a strong relationship with V/F
while CL/F relationship with these covariates was not that pronounced (Figure 3).
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Therefore, covariate analysis was focused on the surrogates of body size (weight and
body mass index). Age, body weight and body mass index modeled as continuous
variables significantly improved the fit and decreased the inter-patient variability. Body
weight was modeled without centering.

The applicant reported that gender modeled as a categorical variable was not significant
in the model. Graphical evaluation of gender effect (Figure 4, FDA) confirms that
conclusion. Figure 3 shows that the distribution of fluoxetine plasma concentrations vs
time for female (left panel) and male (right panel) patients is similar.

2000 5000 3000 2000
TIME

5000 8000
TIME

Figure 4. Distribution of fluoxetine plasma concentrations for female (left panel) and
male (right panel) patients.
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The applicant presented the summary of the covariate analyses (Table 8.5).

Table:8.5. Pharmacokinetic and Covariate Parameters in the
Final Population Model for Fluoxetine in Pediatric Patients

~ Estimate of

Hypothesis ) Model Change between patient Comments
in variability;
-2logLs @l Or By
(as %CV) b
Gender
Influence on CL Categorical 0.06 86% Not significant
Influence on V Categorical - 0 ] - Not significant
Age (years)
Influenceon CL. 8, +0;x Age  -23.58 72 % Significant; p < 0.001;
0; =0.397; 6, =0.879
Influence on V 0y x Age 82 -43.204 26 % Significant; p < 0.001;
~ N 0) = 16.6; 0, =1.86
Body Weight (kg)
Influence on CL.  0; + 65 x Weight  -35.08 l 55 % Significant; p < 0.001;
01 =0; 92 =0.193
01 x Weight  -35.14 4 55 % Significant; p < 0.001;
07 =0.194
Influenceon V. 68 x Weight 02 -59.10 4 22 % Significant; p < 0.001;
0;=11.1,6, =131
0p + 0, x Weight  -54.63 4 20% Significant; p < 0.001;
6),=0;0, =370
Influence on both CL &V OcL x Weight; -77.08 4 52 % Significant; p <0.001;
Oy x Weight 21 % B =0.181; By =37.4
Body Mass Index
(BMI, kg/m?)
Influence on both CL &V OcLxBML,  -54.671 60 % Significant; p < 0.001,
Bv x BMI 26 % OcL = 0.446; 6y =82.9

Although both age and body mass index were significant covariates, the decrease in the
inter-patient variability was more pronounced when body weight was included as linear
function affecting both clearance and volume of distribution.

Based on the results of all model runs (change in MOF and interpatient variabilities),
body weight proportionally affecting both CL and V was included in the final model.
This improvement of the model was additionally supported by the visual inspection of the
plots of predicted vs observed plasma concentrations and weighted residuals vs
parameter. In comparison with the base model, including the weight factor in the final
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model decreased the inter-patient variability for clearance from 85.7 t0 52%, and for V
from 44.2 to 20.5%, respectively.

However, this final model did not explain about 50% of variability for oral clearance in
the pediatric population. The applicant did not perform exploration of any other
covariates, which may influence the oral clearance of fluoxetine.

Comparison to Adult Data

The pharmacokinetic data on 16 adult patients from studies HCFB and HCFC were
compared to the pediatric patient’s data from study HCIU. The applicant has not
attempted to model the data from children and adult’s together accounting for the
influence of age in the model. The applicant’s comparison was based on the descriptive
statistics of observed plasma concentrations for fluoxetine and norfluoxetine, Table 8.8.
The mean overall steady state concentrations of fluoxetine and norfluoxetine in adults
were 96.86 and 110.42 ng/mL, respectively, and interpatient variabilities were high in
both pediatric and adult population.

Table 8.8. Observed Fluoxetine and Norfluoxetine Concentrations at
Steady-State
Category Mean (ng/ml.) SD % CV Range
Fluoxetine
Overall Pediatric 126.6 75.0 59.2
Preadolescent  170.9 73.3 429 T
Adolescent 86.3 51.6 59.8
Overall Adult 96.9 54.0 55.8
SwdyHCFB  62.2 330 530 D
Study HCFC 137.3 455 331
Norfluoxetine
Overall Pediatric 151.8 76.3 50.3
Preadolescent 195.0 89.2 45.8 ~
Adolescent - 112.5 30.4 27.0
Overall Adult 110.5 57.9 52.4
Study HCFB 120.9 72.0 59.6 S
Study HCFC 98.2 38.7 394

There were other similarities in these two populations: the ratio between the parent drug
and metabolite was 1.2-1.3, the steady state was achieved approximately at the same
time, 3-4 weeks after the start of dosing, half-life for fluoxetine was estimated between 4
and 6 days. Accumulation ratio in the pediatric population was about 15 fold, consistent
with adults (10-20 fold).
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Normalized by body weight plasma fluoxetine concentrations in pediatric population
were comparable with the same in adults (Figure 8.9).

Steady-State Plasma Fluoxetine

Steady-State Plasma Norfluoxetine

Figure 8.9.
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Additionally, the applicant presented graphically the distribution of individual estimates of
fluoxetine and norfluoxetine plasma concentrations and properly concluded that they are similar
(Figure 8.10). (Note: Average steady-state fluoxetine and norfluoxetine concentrations observed
in children were higher relative to adults; however these concentrations were within the range of
concentrations observed in the adult population.)
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Figure 8.10. Distributions of individual estimates of fluoxetine and norfluoxetine
steady-state concentrations

The fitted curves represents a log-normal distribution of individual mean steady-state concentrations from
the pediatric and adult populations. Oral clcarance at steady-state can be approximated as FeDose/Csset;
where, F is the fraction absorbed and t is the dosing interval.

For the additional verification of the applicant findings, the FDA assessed the influence
of the age as a covariate on clearance and volume of distribution when the data from
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pediatric and adult patients was combined. Rerun of the final applicant’s model using the
combined data from studies HCIU, HCFC, and HCFB led to the estimation of
pharmacokinetic parameters, which were very similar with the ones obtained for the
pediatric population.

Drug: Fluoxetine  Protocol* HCIU
Subject: - Run. 001

Subroutines; ADVAN2 TRANS2  Mcthod: 1 PRINT=S
1323 Records 168 Observations 21 Patients
Obj Func' 1082.272 # EVALS: 143  Sig Digits: 3.1

Paramecter Initial Estimate  Estimatc  StdErr  %SE
THETA #1 - (001,1,10), 0.181 0.0228 12.60
THETA #2 - (1,50,100); 374 2.08 5.56
THETA #3 - 0.666 FIXED, 0.666 Fixed -
OMLEGA #1 - 08 0271 0.124 4576
OMEGA#2 - 05 0.0422 00174 41.23
SIGMA#1 - 2 00341 000767 2249

Combined Data File for HCIU, HCFC, and HCFB studies, FDA run

Paramcter Initial Estimate Estimate  StdErr  %SE
THETA #1 - (.001,1,10), 0.148 0.0109 7.30
THETA #2 - (1,50,100), 291 3.42 1175
THETA #3 - 0.666 FIXED; 0.666 Fixed -
OMEGA #1 - 08 022 00617 280
OMEGA #2 - 05 0.376 0.121 322
SIGMA #1 - 1 0.0372 0.00775 20.83

FDA performed a graphical evaluation of the relationship between AGE and individual
patient’s pharmacokinetic parameters estimated using the combined data file (Figure 6).
The light colored circles are for female, and dark colored circles are for male patients, the
lines are the result of linear regression. There is no obvious trend in the clearance (CL)
and volume of distribution (V) versus AGE for this data set.

Using the data file from studies HCIU and historic adult data, FDA added into the final
applicant’s model new parameter AGE as linear or power function of CL or V. The AGE
effect for each run were estimated to be negligible. Standard errors of the estimates were

very large.

Model AGE, estimation AGE, SE
CL=6,*WT+6,*AGE 1.59E-9 0.0411
CL=0,*WT*AGE®" 6.29E-9 0.176
V=0,*WT+0,*AGE 1.63E-11 -
V=CL=0,*WT * AGE" 3.17E-10 0.0194
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This is an additional support to the applicant’s statement that the pharmacokinetics of
fluoxetine is similar both in pediatric and adult population.
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Figure 6a. Matrix plot for the relationship between pharmacokinetic parameters and age
(final applicant’s model fitted to pediatric and adult population data simultaneously). The
light colored circles are for female, and dark colored circles are for male patients, the
lines are the result of linear regression.
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Figure 6b. Plots for the relationship between CL, V, Css, K and age (final applicant’s
model fitted to pediatric and adult population data simultaneously). The light colored
circles are for female, and dark colored circles are for male patients, the lines are the
result of linear regression.
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Issues on QT interval prolongation

Over 20 years of the Prozac administration, the following cardiovascular adverse
reactions were reported as rare: ventricular arrhythmia, ventricular extrasystoles, and
ventricular fibrillation. Recent reports showed that administration of only R-isomer of
fluoxetine was associated with QT prolongation. Although Prozac is a racemic mixture of
R and S-isomers of fluoxetine, the information on possible QT prolongation in the new
(pediatric) population is very important. The Agency requested the applicant to obtain
ECG at the start and at the end of treatment in both Studies HCIU and HCJE and to
calculate QTc values.

The applicant performed read of ECGs from Study HCJE by three blinded and
independent contract vendors/consultants at different points in time. The last reading
performed by ——————"  accounted for the events of sinus arrhythmia, which is
frequent in pediatric population. The applicant considered these readings as the most
precise and accurate interpretation of the QTc data. FDA plotted all QTc data from three
readings vs fluoxetine plasma concentrations, Figure 7.

QTc Irtervals vs Fluoxetine Plasma Concentrations
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Figure 7. QTc intervals vs fluoxetine plasma concentrations. Light colored symbols refer
to female and dark colored symbols to male patients. Circles are for the ————w
—" . squares for —— and triangles are for readings.
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These plots show no apparent trend in the relationship between QTc and fluoxetine

plasma concentration. One patient (#415) had QTc of 514 msec when calculated by
~—, The other consultants calculated this patient’s QTc as 452 and 460

msec.

Gender differences were not pronounced for this population, Figure 8.

QTc vs Fluoxetine Plasma Concentrations
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Figure 8. QTc intervals vs fluoxetine plasma concentrations. Circles are female patients’
data, triangles are male patients’ data.

The main concern with changes in QTc interval is its prolongation during the course of
fluoxetine administration. Changes in QTc interval measurements in comparison with
the baseline values were plotted vs time in course of the study (Figure 9). The changes in
QTc were not significant during the study.

Figure 10 compares the QTc values measured at the different occasions. Majority of
patients have only 2 measurements: at baseline and at the end of the study, some patients
had the third ECG and only one patient had the fourth and fifth ECG (at the same day as
#3). Therefore, for ECG #4 and #5 confidence interval is larger than 1% and 3™ quartiles.
Otherwise, the difference between occasions was not significant.
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QTCb -- change from baseline vs days
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Figure 9. Change in QTcb values from the baseline vs the time (days) after the
start of the study

Boxplot for Comparison of QTCb at Different Occasions
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Figure 10. Boxplot comparing QTcb obtained at different occasions. The ends of
the box are at the Ist and 3rd quartiles, line is at the median (50" percentile), dark space
around the median shows 95% confidence interval, the lines outside the whiskers show
the outliers. At occasion 4 and 5 only one measurement was made.

In conclusion, this graphical data exploration shows that QTc prolongation (based on

. . QTc values) was not an issue in this pediatric patient population,
who were recetving the dose of racemic fluoxetine of 20 mg/day over approximately 60
weeks.
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Comments:

1. The applicant properly developed the population model describing the fluoxetine
pharmacokinetics in pediatric patients. Based on the results of all model runs
(change in MOF and interpatient variabilities), body weight proportionally
affecting both CL and V was included in the final model. This improvement of
the model was additionally supported by the visual inspection of the plots of
predicted vs observed plasma concentrations and weighted residuals vs parameter.
However, this final model did not explain about 50% of variability for oral
clearance in the pediatric population. The applicant did not perform exploration of
any other covariates, which may influence the oral clearance of fluoxetine.

2. Modeling did not consider the active metabolite, norfluoxetine.
3. The applicant adequately performed pharmacokinetic model validation.
4. The mean observed plasma concentrations of fluoxetine and norfluoxetine were

compared with the same data from the historical control studies in adults. Both
adult and pediatric patients exhibit high inter-patient variability. In both
populations, the ratio of norfluoxetine to fluoxetine was 1.2-1.3, steady state was
achieved within 3-4 weeks after multiple daily dosing, the accumulation ratio in
pediatrics was 15, and in adults was 10-20. When the observed fluoxetine and
norfluoxetine plasma concentrations were normalized by body weight, they were
comparable with the same in adults.

5. The Agency applied the applicant’s population model to the combined data from
study HCIU (pediatric), HCFC, and HCFB (adults). The pharmacokinetic
parameters estimated for the combined data were very similar with the pediatric
patient’s parameters. The incorporation of AGE as a covariate into the model led
to the negligible estimates of this covariate, indicating that the influence of age
was not significant.

6. Based on above comments 4 and 5, the pharmacokinetic differences between
pediatric and adult patients are not significant.

7. This reviewer analyzed graphically the changes in QTc intervals from the efficacy
and safety Study HCJE and concluded that these changes are not major.

Recommendation:

The Office of Clinical Pharmacology and Biopharmaceutics reviewed the Reports of the
Studies B1Y-MC-HCIU “Pharmacokinetic assessment of Fluoxetine and norfluoxetine in
preadolescent and adolescent patients” and B1Y-MC-HCIJE “Fluoxetine versus placebo
in childhood/ adolescent depression” The changes in Package Insert proposed by the
applicant are acceptable (see Primary Reviewer’s Labeling Comments).
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22 page(s) of
revised draft labeling
has been redacted
from this portion of
the review.
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